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SOM” LIFrn AND DRAG MEASUREMENTS OF TWO CONFIGURATIONS
OF A NACELLE AND OIL-COOLER SCOOP FOR THE
HUGHES -KAISER CARGO ATIRPLANE
By Jehn H. Quinn, Jr.

‘ SUMMARY

Tests have bheen made in the NACA two-~-dimensional low-

turbulence tunnel to determine the drag characteristics
of two configurations of a 0,0476~scale nacelle and oil-
cooler scoop for the Hughes-Kalser cargo airplane. The se
nacelles were mounted on the Hughes-Kaiser wing section

77,325 (NACA 63,4-4(20.2) approx.). For comparison, one
nacelle was tesbed on a thick conventional airfoil
(NACA 23021). These tests were carried out at a wing
Reynolds number of 2.5 million.

These nacelles had a slightly favorable effect on
the maximum 1ift coefficient,. The drag increment of the
nacelles was slightly less on the low- drag section than
onn the conventional section.

INTRODUCTION

Tests have bheen made pfeviouelynzlthe NACA two-
Gimensional low-turbulence pressure tunnel to obtain
1lift and drag data for bomber nacelles mounted on low-
drag wings (references 1, 2, and 5). In these tests
the ratio of nacelle dlameter to wing thickness ranged
from 1.0 to 2.,5. The trend toward very large airplanes,
with engine dimsensions remaining fixed, may lead to de-
signs exemplified by the Hughes-Kaiser cargo airplane
where the nacelle diameter approaches the value of one-
half the wing thickness.  Such trends have led to
questions concerning the effects of small nacelles on
relatively thick wings, -

The purpose of this investigation was to determine
the effects of two 0.0476-scale nacelle and oil-cooler
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scoop configurations for the Hughes-Kaiser cargo airplane
on the 1ift and drag characteristics of the Hughes-Kaiser
wing section 577.325 (NACA 63,4-4(20.2) approx.). Tor
comparison, one nacelle was tested on a conventional air-
foil of anmwnroximately the same thickness as the low-drag
seetion. These tests were carried out in the INACA two-
diwensional 1ow—tu;bulence tunnel at a wing Reynolds

number of 2,5 X 10°%.
SYMBOLS AND NOTATIONS

The increment of drag of a nacslle 1s defined as
the difference between ths drag of the wing-nacelle
combination and the drag of the plain wing, Symbols
used are defined as follows:

Ag - exit arsa

k. gntrance ares

Vg exit velocity

Vn entrance velocity

Vo free-stream velocity

AH " total pressure loss at exit

qo free-stream dynamic pressure

Ry wing Reynolds numbsr

c airfoil chord

As area upon which drag increments are based

{airfoil chord squared)

ZAcyg coefficioent of total drag increment of nacelle
¢ including drag due to internal losses

cg coefficient of drag due to internal losses,
calculate from the formula:

: AL V.l - :
e ‘e AFN
C - 2 e oo l — - ]
dg 5 A, Vg < q



Acy gfficient of external drag lincrement
c (zACdG CC'Ci

MODZLS AND METHODS

The wings used in this investigation were 2-foot-
chord models of the NACA 63,4-4(20,2) and NACA 23021 .
airfoil ssctions, Bothi these models were constructed’
of wood with laminations running chordwise, and were
prepared for test by the methods described in refer-
ence 4. The nacelles and scoops were also constructed
of wood, Sketches of the nacellss and scoops showing
the internal duet arrangement and the position of the
baffle plates used to approximate pressure losses due to
an sngine or oil cooler are shown in figures 1 to 4.
YHacelle B has a larger radius of curvature near the lead-
Ing edge of the cowling than nacelle A, and the spinner
i3 less pointed, Scoop B, which is about 20 percent
longer than scoop A, has a more rounded gutber and a
larger radius of ~urvature on the lower surface.
Entrancs and exit areas for both nacelle-scoop combina-~
ticns are given in the following table:

' A A
Wacelle Scoop (sq In.) (sq in.) Ag/An
A 1.304 04545 0,418
B 1.202 « 581 « 484
A . 440 . 160 264
B 500 .220 .440

The ratio of the nacelle diameter to the wing thick-
nesgs was 0,569 for the NACA 63,4-4(20.2) and 0.548 for
the WACA 23021 section,

For each wing the nacelles were horizontal at a
gsection 1ift coefficient of 0.8. The angle of inci~
dence hctwoen the nacelle center line and wing chord
line was . 5° when mounted on the NACA 63,4- 4(20.~)
section and ~7° on the NACA 23021 sactlon.

e nacelle and scoop-drag increments were found
from force measurements. = Section drag coefficients
were obtained by the wake-survey method as described
in reference 4. Section 1ift coefficients were obtained



by integrating pressures along the tunnel floor and
ceiling. All 1ift and drag coefficients ars corrected
for tunnel-wall interference. '

Three nacelles of type A, spaced 12 inches on

centers, were tested on both wings. The increment of
three nacelles divided by three is in good agreement with
the increment of one nacelle alone. Since the accuracy

1s increased by measuring a larger quantity, the drag
Increments shown for nacelle A are averages of the incre-
ment for threse nacelles,

Pressures at the exits were measured by small static
and total pressure tubes placed at several positions
around the exit. - ’

All drag increments shown are external increments,
Aey.s 8nd are based on a model area equal to the chord

0 .

sguared.

Both airfoils were testgd at a 1ift coefficient of
about 0.6 with a l-inch by ZE—inch roughness strip at

the csnter of the leading edge. This strip was composed
of 0.010-inch average diameter carborundum grains cemented
to scotch tape, which in turn was applied to the airfoil.

The Zg-inch length, equal to the nacelle dilameter, was

peraliel to the span of the sirfoil, This test was made
to compare the drag of the nacelle with the drag of a
rough spot covering the same span as the nacelle.

ESULTS AND DISCUSSION

In figure 5, external drag increments of configa-
rations A and B of nacelle and scoop are presented as
a function of 1lift coefficient. While the value of
drag appears to be almost the same for each nacells,
type A has a larger low-drag range . Through most of
the range of 1ift coerfficients the drag increment due
to scoop B has so small a valus that it approaches the
limit of sxperimental accuracy, It appears that scoop B
%as lower increments than scoop A throughout the range
ested.

The coefficients of external drag increments of
type A nacelle on each airfoil section are given in




figure 6. While the increments are substantially the
same on both wings, it seems that the trend is toward

- slightly smaller increments on the low-drag section.
The drag increments based on an area egual to the .chord
squared for the rough spot on each wing are shown in
figures 6, It will be noted that the additional drag
caused by the rough spot is the same as the increment
of the nacelle on the low-drag wing, but that the rough
spot results in approximately one-third the drag caused
by the nacelle on the conventional section,.

In figure 7, section drag coefficients and sectlon
drag coefficients plus drag increments due to naeslle A
are plotted against 1lift coefficients for both airfoil
sections. The shaded areas represent the additional
drag due to the nacslle.

Section 1ift coefficients as a function of angle
of attack are presented in figure 8 for each wing alone
and for each wing with type A nacelle, At low and
moderate values of the 1ift coefficient the nacelle
anpears to have no effect on the 1ift curve., There 1is,
however, a slight favorable effect upon maximum 1lift,.

Internal flow characteristics throughout the range
of 1ift coefficients for both nacelle and oil scoop
configurations are presented in figures 9 and 10,

CONCLUDING REMARKS

The increment of drag due to a small nacelle having
a diameter about equal to half the wing thickness was
slightly less on the NACA 63,4-4(20.2) than on the NACA
23021 airfoil section.

Small nacelles mounfed on a low~drag airfoil section
appeared to have a slightly favorable effect on the maxi-
mum 1ift coefficient.

Type A nacelle, which incorporates a larger cowling
nose radius than nacells B, had the larger low-drag range.
Type B oil-cooler scoop, with rounded gutter and larger
radius of cubrvature on the lower surface,had a smaller
drag increment than type A.



Nacelle A and scoop B mounted on the NACA 63,4-4(20.2)
section probably would result in a lower over-all drag
than any of the combinations tested.

Langley Memorial Asronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., Septsmber 14, 1943.
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